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ABSTRACT 
 
Purpose 
One of the key elements of a maintenance system is risk analysis because the risk level of an 
engineering system will determine the maintenance policy required. Failure Mode and Effect 
Analysis (FMEA) is widely applied in evaluating risk of failure of engineering systems. However, 
the conventional FMEA used in analyzing risk by most industries has shortcomings such as an 
inability to utilize imprecise and interval data in prioritizing risk. To overcome these limitations, 
different variants of FMEA have been reported in the literature. However, these modified 
approaches are computationally intensive, hence, the purpose of this paper is to develop an 
efficient FMEA-based methodology that is easy to analyse and implement.  
 
Design/methodology/approach 
The proposed technique combines the Taguchi method with FMEA in order to analyze risk of 
engineering systems easily and effectively. The effectiveness of the approach is demonstrated with 
a case study of the fuel oil system of a marine diesel engine.  
 
Findings 
The results of the integrated Taguchi method and FMEA when compared with well-known 
techniques; VIKOR and Compromise Programming (CP) from the literature are very similar. From 
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the comparative analysis, it was evident that the proposed method is a viable option to the more 
computationally intensive approaches used in the literature.  
Originality/value 
The approach proposed is novel and simple and can be implemented more easily than approaches 
from the literature in analyzing risk.     
 
Keywords: Engineering system, Taguchi method, FMEA, Decision criteria, Alternative RPN  
  
1. INTRODUCTION 
The demand for electricity has increased tremendously due to rapid population growth in most 
developing countries. Unfortunately electricity power generation remains relatively constant in 
these countries and this has resulted in  low per capital energy consumption (World Bank, 2018). 
This challenge has hampered efficient health care delivery and effective telecommunication and 
industrial growth. In order to address the energy crisis, power managers in the majority of 
developing nations have invested huge capital into the sector for the expansion of power generation 
infrastructure but all to no avail (Batinge et al. 2019). However, the key to efficient and constant 
power supply, that will guarantee effective social services delivery and industrial growth, is the 
safe and reliable operation of power generation infrastructure through effective maintenance. It is 
therefore clear that the “engine” that sustains industrial development is having a sound system in 
place for the maintenance of power generation infrastructure and other engineering systems such 
as those used for the production of goods and services. One of the key components of the 
maintenance system is risk assessment because engineering system risk level will determine the 
best maintenance policy for the system (Emovon 2016). In the literature, different tools have been 
applied in analyzing risk of engineering systems.  
 
Failure Mode Effect and Analysis (FMEA) is generally applied by most industries for analyzing 
risk of failure. FMEA utilizes Risk Priority Number (RPN) in estimating risk of failure where RPN 
is a product of probability of failure occurring (O), the severity of the failure (S) and the possibility 
of detecting the failure (D) (Kutlu and Ekmekçioğlu 2012; Emovon et al. 2015). Values are usually 
assigned by experts to those three decision criteria using a pre-determined scale. An example of 
such a predetermined scale can be found in the work of (Cicek and Celik 2013; Emovon et al. 
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2014). However, despite the popularity of the approach, it has limitations that affect its efficiency 
in producing risk output. One of the limitations is the inability of the technique to utilize interval 
and imprecise data in prioritizing risk, which may be an issue since some experts may be averse 
to assigning precise ratings.  
 
To overcome the limitations of FMEA different variants have been reported in the literature. One 
of the alternative approaches is the use of Fuzzy Set Theory (FST) in enhancing FMEA. Xu et al., 
(2002) applied a Fuzzy assessment approach in addressing imprecise information risk analysis 
problems using a case study of the turbocharger system of a diesel engine. Mandal and Maiti, 
(2014) proposed an enhanced FMEA which utilizes fuzzy similarity based measurement in 
analyzing risk of failure; the approach was demonstrated with two case studies. Keskin and Özkan 
(2009) applied Fuzzy adaptive resonance theory to enhance FMEA in order to prioritize risk of 
failure of manufacturing industry plants more effectively. However, the application of the Fuzzy 
technique made the decision making process more cumbersome due to the challenge in testing and 
generating comprehensive sets of fuzzy rules (Zammori and Gabbrielli, 2012).  
 
Multi-Criteria Decision Making (MCDM) tools, such as the VIKOR and Compromise 
Programming (CP) methods, have also been applied in the literature to address the limitations of 
the FMEA methodology. Emovon et al., (2015) adapted the VIKOR method to enhance FMEA in 
order to utilise more than three decision criteria in analysing risk. Wang et al., (2017) have also 
used the VIKOR method in the ranking of risk of failure modes. Sachdeva et al. (2009) proposed 
the use of Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) in improving 
FMEA for risk assessment. The authors applied six decision criteria; O, D, maintainability, cost, 
spare parts, safety and cost, for risk prioritization of failure modes of a paper manufacturing plant. 
The Analytical Hierarchy Process (AHP) has also been utilized by different authors in the ranking 
of risk of various engineering systems (Golkhani et al., 2018). The use of the PROMETHEE 
method has also been discussed in the literature (Maheswaran and Loganathan, 2013). Although, 
MCDM tools are capable of incorporating more than three decision criteria in analyzing risk, 
which the traditional FMEA is incapable of doing, each has one or more challenges associated 
with it. For example, determining the preference function for each decision criterion in the 
PROMETHEE method is cumbersome (Emovon et al., 2016). 
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Hybrid approaches have been utilized in the literature in order to prioritize risk of engineering 
systems more effectively. In such cases, two or more MCDM tools have been combined or MCDM 
tools have been combined with FST. For example, Safari et al (2016) combined FST with VIKOR 
in enhancing FMEA. The FST was applied to aggregate imprecise ratings from experts whilst the 
VIKOR method was used in the ranking of the risk of the system considered. The introduction of 
the FST into the decision making process however made the approach more demanding.     
 
The purpose of this research is to develop a systematic approach to system risk analysis that is 
easy to analyse and implement. Hence in this paper, the Taguchi method is applied in enhancing 
FMEA in order to analyse risk of failure of an engineering system more effectively. The Taguchi 
approach has been applied in the literature in the optimisation of the parameters of resistance spot 
welding, facing operations and turning operations (Muhammad, et al. 2012; Athreya and 
Venkatesh 2012; Mgbemena et al. 2016). The approach was chosen in this paper because of the 
simplicity of its application compared to other techniques in the literature which are used for risk 
prioritisation and whose application and implementation are cumbersome. 
 
2 METHODOLOGY 
2.1 The Taguchi method 
Engineering experimentation processes may be significantly improved by the application of the 
Taguchi method, as developed by Genichi Taguchi (Ross, 1996; Viswanathan, 2005). This was 
made possible with the introduction of “Orthogonal Array” (OA) tables produced to make the 
design of an experiment more reliable and less burdensome. This is achieved because the OA 
utilizes the most suitable combinations of decision criteria in contrast to the factorial method, 
which considers all potential combinations of decision criteria (Viswanathan, 2005). For example, 
to design an experiment having three factors X, Y and Z and having two levels of data, 8 
experiments are needed for the full factorial method while only 4 experiments are required in the 
Taguchi method. The three factor, two level OA table is shown in Table 1. 
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Table 1. Three factor and two level OA table  
Experiment 
Factors 
X Y Z 
1 1 1 1 
2 1 2 2 
3 2 1 2 
4 2 2 1 
Source: Viswanathan, 2005 
2.2 Integrated Taguchi Method and FMEA  
The OA table is applied in this paper to obtain different combinations of O, S and D, in order to 
produce alternative RPN calculations for each of a set of failure modes, as shown in Table 2.  
 
 Table 2. Alternative RPN for failure mode 
Alternatives 
Decision criteria  
RPNi 
O S D 
A1 1 1 1 RPN1 
A2 1 2 2 RPN2 
A3 2 1 2 RPN3 
A4 2 2 1 RPN4 
 
Level 1 and level 2 are interval risk value assigned by an expert to failure modes. In the case where 
imprecise values are assigned to failure modes, the imprecise data may be transformed into 
minimum and maximum risk values. In this scenario, level 1 and level 2 would denote minimum 
and maximum risk values respectively. 
 
The influence of each level in each decision criterion can be evaluated by finding the arithmetic 
mean of the RPN results which contains that level and that decision criterion.  
For decision criterion O (occurrence), average RPN values for level 1 and level 2 are obtained as 
follows: 
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑃𝑁 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙 1 =
1
𝑛
∑ 𝑅𝑃𝑁𝑖
𝑜1
𝑛
𝑖=1
                                                                                          (1) 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑃𝑁 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙 2 =
1
𝑛
∑ 𝑅𝑃𝑁𝑖
𝑜2
𝑛
𝑖=1
                                                                                          (2) 
Where  
𝑅𝑃𝑁𝑖
𝑜1 is the RPN that belongs to level 1 and decision criterion O 
𝑅𝑃𝑁𝑖
𝑜2 is the RPN that belongs to level 2 and decision criterion O 
For decision criterion S (severity), average RPN values for level 1 and level 2 are obtained as 
follows: 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑃𝑁 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙 1 =
1
𝑛
∑ 𝑅𝑃𝑁𝑖
𝑠1
𝑛
𝑖=1
                                                                                          (3) 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑃𝑁 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙 2 =
1
𝑛
∑ 𝑅𝑃𝑁𝑖
𝑠2
𝑛
𝑖=1
                                                                                          (4) 
Where  
𝑅𝑃𝑁𝑖
𝑠1 is the RPN that belongs to level 1 and decision criterion S 
𝑅𝑃𝑁𝑖
𝑠2 is the RPN that belongs to level 2 and decision criterion S 
 
For decision criterion D (detectability), average RPN values for level 1 and level 2 are obtained as 
follows: 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑃𝑁 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙 1 =
1
𝑛
∑ 𝑅𝑃𝑁𝑖
𝐷1
𝑛
𝑖=1
                                                                                         (5) 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑃𝑁 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙 2 =
1
𝑛
∑ 𝑅𝑃𝑁𝑖
𝐷2
𝑛
𝑖=1
                                                                                          (6) 
Where  
𝑅𝑃𝑁𝑖
𝐷1 is the RPN that belongs to level 1 and decision criterion D 
𝑅𝑃𝑁𝑖
𝐷2 is the RPN that belongs to level 2 and decision criterion D 
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The O, S and D levels producing the lowest average RPN are selected to produce optimum RPN 
for the failure mode in the case of the smaller the better, while in the case of the larger the better, 
the decision criteria levels producing the highest average RPN are chosen. 
 
3 DATA COLLECTION, ANALYSIS AND DISCUSSION 
 
3.1 Data collection 
The applicability of the proposed method is demonstrated with a case study of the fuel oil system 
of a marine diesel engine taken from the work of (Emovon and Okwu 2017; Emovon and 
Mgbemena (in press)). The components of the system considered include, among others; fuel 
system pipes, fuel oil supply pumps and fuel valves. A total of 10 failure modes were identified 
by the authors for the entire set of components in the system. The failure modes together with the 
imprecise ratings assigned by experts are presented in Table 3. 
 
 Table 3. FMEA for fuel oil system of a marine diesel engine  
FM # Failure modes Components S O D 
1 Pipe leakage/ rupture, 
sludge in fuel line 
Fuel system- pipes, filter 7:80% 6 2 
2 Clogged fuel filter Fuel system- pipes, filter 7:60% 6 2:70% 
3 Low supply pressure High pressure fuel pump 8 5 5 
4 Running without oil Transfer/supply/Booster 
pump 
8 5 5 
5 Abnormal sound Transfer/supply/Booster 
pump 
7 6 4 
6 Fuel  valve leaked Fuel valve 7:60% 5 2:90% 
7 Seizure of injection 
valve spindle in open 
position 
Fuel valve 9:50% 4:60% 2 
8 Fuel valve nozzle 
obstructed 
Fuel valve 8:70% 5 2 
9 Early opening of fuel 
valve 
Fuel valve 7 6 6 
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10 Dripping Fuel valve 8 4 2 
Column 2 & 3 source: Emovon and Okwu (2017) 
 
The imprecise ratings assigned to failure modes in Table 3 were transformed into interval data; 
minimum and maximum risk value for the different decision criteria using the expectation interval 
model proposed by Chin et al., (2009) in one of the author’s research work (Emovon and 
Mgbemena (in press)). The results are presented in Table 4. For each decision criterion; the 
minimum risk value denotes level 1 and the maximum risk value represents level 2. Table 4 is 
interval data for analysis of the proposed TAGUCHI method. In addition to interval data, single 
or precise ratings from experts can also be use as input data into the proposed methodology. 
 
Table 4. Decision criteria and levels for failure mode 1 to 10  
Failure 
mode/Decision 
criteria 
Levels  Failure 
mode/Decision 
criteria 
Levels 
1(min) 2(max)   1(min) 2(max) 
Failure mode 1    Failure mode 2   
O 6 6  O 6 6 
S 5.8 7.6  S 4.6 8.2 
D 2 2   D 1.7 4.4 
Failure mode 3    Failure mode 4   
O 5 5  O 5 5 
S 8 8  S 8 8 
D 5 5   D 5 5 
Failure mode 5    Failure mode 6   
O 6 6  O 5 5 
S 7 7  S 4.6 8.2 
D 4 4   D 1.9 2.8 
Failure mode7    Failure mode 8   
O 2.8 6.4  O 5 5 
S 5 9.5  S 5.9 8.6 
D 2 2   D 2 2 
Failure mode 9 
   
Failure mode 10 
  
O 6 6  O 4 4 
S 7 7  S 8 8 
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D 6 6   D 2 2 
 
 
3.2 Integrated Taguchi and FMEA Analysis 
The first step in the integrated Taguchi and FMEA method analysis is to input level 1and 2 data 
for each failure mode in Table 4 into the O, S and D orthogonal array of Table 2 to obtain 
different alternative RPN values for each failure mode; the results for this are presented in Table 
5. 
 
Table 5 Orthogonal Array (OA) L4 for failure mode 1to 10 
Failure modes RPN 
 
Failure modes RPN 
Failure modes 1 
alternatives 
 
 
Failure mode 2 
alternatives 
 
A1 69.6 
 
A1 46.92 
A2 69.6 
 
A2 121.44 
A3 91.2 
 
A3 227.04 
A4 91.2   A4 87.72 
Failure modes 3 
alternatives 
 
 
Failure mode 4 
alternatives 
 
A1 200 
 
A1 200 
A2 200 
 
A2 200 
A3 200 
 
A3 200 
A4 200   A4 200 
Failure modes 5 
alternatives 
  
Failure modes 6 
alternatives 
 
A1 168 
 
A1 43.7 
A2 168 
 
A2 64.4 
A3 168 
 
A3 114.8 
A4 168   A4 77.9 
Failure modes 7 
alternatives 
  
Failure modes 8 
alternatives 
 
A1 28 
 
A1 59 
A2 64 
 
A2 59 
A3 53.2 
 
A3 86 
A4 121.6   A4 86 
10 
 
Failure modes 9 
alternatives 
  
Failure modes 
10 alternatives 
 
A1 252 
 
A1 64 
A2 252 
 
A2 64 
A3 252 
 
A3 64 
A4 252   A4 64 
 
The impact of each level on each alternative RPN value of the failure modes are then evaluated 
using Equations 1 to 6 in order to determine the decision criteria value combinations that will yield 
optimum RPN for each failure mode. Failure mode 1 in Table 5 is applied to demonstrate the use 
of Equations 1 to 6. 
For decision criterion O, the averages of the RPN values for level 1 and level 2 are obtained as 
follows: 
Level1 = (A1+A2)/2 = (69.6+69.6)/2 = 69.6 
Level 2 = (A3+A4)/2 = (91.2+91.2)/2 = 91.2 
For decision criterion S, the average of the RPN values for level 1 and level 2 are obtained as 
follows: 
Level 1 = (A1+A3)/2 = (69.6+91.2)/2 =80.4 
Level 2 = (A2+A4)/2 = (69.6+91.2)/2 =80.4 
For decision criterion D, the average of the RPN values for level 1 and level 2 are obtained as 
follows: 
Level 1= (A1+A4)/2 = (69.6+91.2)/2 =80.4 
Level 2= (A2+A3)/2 = (69.6+91.2)/2 =80.4 
 
The same procedure was followed to obtain the level impact for the remaining nine failure modes. 
The results for failure modes 1 to 10 are presented in Table 6 and Figure 1. 
 
Table 6 Failure mode levels and corresponding average RPN 
FM # Level 
Average RPN values 
O D S 
1 
1 69.6 80.4 80.4 
2 91.2 80.4 80.4 
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2 
1 84.18 136.98 67.32 
2 157.38 104.58 174.24 
     3 
1 200 200 200 
2 200 200 200 
     4 
1 200 200 200 
2 200 200 200 
      5 
1 168 168 168 
2 168 168 168 
6 
1 54.05 79.25 60.8 
2 96.35 71.15 89.6 
7 
1 46 40.6 74.8 
2 87.4 92.8 58.6 
8 
1 59 72.5 72.5 
2 86 72.5 72.5 
      9 
1 252 252 252 
2 252 252 252 
    10 
1 64 64 64 
2 64 64 64 
 
 
Failure mode 1 decision criteria level and corresponding average RPN 
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Failure mode 2 decision criteria level and corresponding average RPN 
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(a) Occurrence 
 
(b) Severity 
 
(c) Detectability 
Failure mode 3 decision criteria level and corresponding average RPN 
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Failure mode 4 decision criteria level and corresponding average RPN 
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Failure mode 5 decision criteria level and corresponding average RPN 
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(a) Occurrence 
 
(b) Severity 
 
(c) Detectability 
Failure mode 6 decision criteria levels and corresponding average RPN 
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Failure mode 7 decision criteria levels and corresponding average RPN 
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(c) Detectability 
Failure mode 8 decision criteria levels and corresponding average RPN 
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(a) Occurrence 
 
 
(b) Severity 
 
 
(c) Detectability 
Failure mode 9 decision criteria level and corresponding average RPN 
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(c) Detectability 
Failure mode 10 decision criteria level and corresponding average RPN 
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Fig. 1 Failure modes decision criteria level and corresponding average RPN 
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Finally, the optimum RPN was evaluated. To determine the optimum RPN for each failure mode, 
the average RPN value for each level in Table 6 and Figure 1 is examined on the basis of ‘the 
smaller the better’ and the ‘larger the better’.  
 
Optimum RPN determination on the basis of the smaller the better (SB) 
In applying the smaller the better (SB) approach as the basis of determining optimum RPN for 
each failure mode, the level with the smallest average RPN in Table 6 and Figure 1 is chosen. To 
demonstrate the application of this methodology failure mode 1 is used. 
 
From Table 6 and Figure 1, the best level for decision criteria O, S and D for failure mode 1 are, 
level 1, 1 or 2 and 1 or 2 respectively; the corresponding values in Table 4 are 6, 5.8 and 2. The 
optimum RPN for failure mode 1 is therefore expressed as: 
 
Optimum RPN = 6 * 5.8 * 2= 69.6   
The same procedure was followed to determine optimum RPN for the other nine failure modes. 
The optimum SB RPN values for the ten failure modes are presented in Table 7 and Figure 2. 
 
Table 7 Failure modes optimum SB RPN and corresponding ranking 
FM# Optimum SB RPN Rank 
1 69.6 7 
2 83.64 5 
3 200 2 
4 200 2 
5 168 4 
6 77.9 6 
7 53.2 10 
8 59 9 
9 252 1 
10 64 8 
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Fig. 2 Failure mode optimum SB RPN and corresponding rank 
 
From Table 7 and Figure 2, the most significant failure mode is 9 having scored the highest optimum RPN 
value. This is closely followed by failure modes 3 and 4 having both scored the second highest optimum RPN 
value. The least significant failure mode is 7 having scored the lowest optimum RPN value. Failure modes 9, 
3 and 4 therefore possess the greatest risk to the fuel oil system of the marine diesel engine while failure mode 
7 possess the least risk to the system.  The maintenance manager must pay greater attention to the more critical 
failure modes in terms of resource allocation in order to maintain safe and reliable engineering system 
operation. This invariably will ensure efficient health care delivery, efficient and constant power supply or 
effective telecommunications for example. 
 
Optimum RPN determination on the basis of the larger the better (LB)  
To determine optimum RPN for each failure mode on the basis of the larger the better (LB), the 
level with the largest average RPN is considered. Failure mode 2 is applied to illustrate the use of 
the larger the better as follows: From Table 6 and Figure 1, the best level for decision criteria O, 
S and D for failure mode 1 are, level 2, 1 and 2 respectively, with corresponding values in Table 
4 as 6, 4.6 and 4.4. The optimum RPN for failure mode 2 is therefore expressed as: 
 
Optimum RPN = 6 * 4.6 * 4.4 = 121.44     
Following the same approach, the optimum RPN for the other failure modes are determined. The 
optimum LB RPN values for all the failure modes are indicated in Table 8 and Figure 3. 
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Table 8 Failure modes optimum LB RPN and corresponding ranking 
`FM# Optimum LB RPN  Rank 
1 69.6 7 
2 121.44 6 
3 200 2 
4 200 2 
5 168 4 
6 64.4 8 
7 121.6 5 
8 59 10 
9 252 1 
10 64 9 
 
 
 Fig. 3 Failure mode optimum LB RPN and corresponding rank  
 
From Table 8 and Figure 3, failure mode 9 is the most significant one having the highest optimum 
LB RPN value whilst the least significant failure mode is 7 having the lowest optimum LB RPN 
value. Failure modes 9 and 7 therefore possess the greatest risk and the least risk respectively to 
the fuel oil system of the marine diesel engine.  
 
In order to validate the TAGUCHI method using SB and LB for prioritization of risk of engineering 
systems, the technique was compared with results obtained from the VIKOR and CP methods. The 
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VIKOR and CP methods are popular techniques that various authors have applied in the literature 
to solving decision problems involving multiple criteria. For example, Emovon et al. (2015) 
applied the VIKOR method to rank the risk of failure modes of marine machinery systems and 
Jahan and Edwards (2013) used the approach to arrive at an optimum solution in a material 
selection problem. The results generated from both the TAGUCHI method and the well-known 
VIKOR and CP methods are shown in Table 9.  
 
Table 9 Comparison of methods 
FM# VIKOR method 
CP 
method 
TAGUCHI 
method (SB) 
TAGUCHI 
method (LB) 
1 8 9 7 7 
2 5 5 5 6 
3 2 2 2 2 
4 2 2 2 2 
5 4 4 4 4 
6 9 10 6 8 
7 10 8 10 5 
8 7 7 9 10 
9 1 1 1 1 
10 6 6 8 9 
 
It can be seen from Table 9 that all four methods; TAGUCHI (SB), TAGUCHI (LB), VIKOR and 
CP, indicated that the best ranked failure mode is 9. In fact, the four methods, as shown in the 
table, rank the best four failure modes the same. It can be seen from the table that 60 % of the 
failure modes are ranked the same for the TAGUCHI (SB) and VIKOR methods with others 
generally having rank difference of 1 or 2 in between them. However, for the TAGUCHI (LB) and 
VIKOR methods only 40 % of the total failure modes are ranked the same and several failure 
modes have a difference of three or more between the methods. From the table, it can also be seen 
that 50% of the failure modes are ranked the same for TAGUCHI (SB) and CP methods and 40% 
are ranked the same for TAGUCHI (LB) and CP methods. From the comparative analysis it is 
apparent that the TAGUCHI (SB) method, which is simpler in-terms of analysis and application 
than the VIKOR and CP methods, is a viable alternative for the prioritization of risk of failure 
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modes in engineering systems. The TAGUCHI (SB) method is therefore recommended for use by 
maintenance practitioners in analyzing risk of engineering systems.  
 
3.3 Discussion 
The key to sustainable industrial development is effective maintenance that will guarantee safe 
and reliable operation of electric power and other engineering systems. However, the pillar of 
effective maintenance systems is risk analysis because the maintenance scheme is dependent on 
the level of risk of failure of engineering infrastructure. FMEA is generally applied for risk analysis 
in most engineering industries. However, it has several limitations in evaluating risk as a 
consequence of which, MCDM techniques such as the VIKOR method have been integrated into 
it in the literature in in order to address some of the shortcomings. Nevertheless, the use of MCDM 
methods such VIKOR make the risk analysis process computationally challenging. This paper 
presents the TAGUCHI method in addressing the shortcomings of the MCDM methods. In 
utilizing, the TAGUCHI method, risk prioritization was performed with respect to the smaller the 
better approach (SB) and the larger the better approach (LB). The SB and LB approaches were 
illustrated with a case study of the fuel oil system of a marine diesel engine. The results of the SB 
and LB approaches indicated that the most significant failure mode is 9 whilst the least significant 
failure mode is 7. It is therefore obvious, failure modes 9 and 7 possess the greatest risk and the 
least risk respectively to the fuel oil system of the marine diesel engine. The results of the 
TAGUCHI SB and LB, when compared with results obtained from the VIKOR and CP methods, 
showed that the SB approach is preferable as it produces very similar results to the VIKOR and 
CP methods. The TAGUCHI SB method is therefore recommended as a viable alternative for 
prioritizing risk of failure of modes of engineering systems.    
 
  
4 CONCLUSION 
In this paper, an integrated FMEA and TAGUCHI method was presented for the analysis of risk 
in engineering systems. The technique was demonstrated with a case study of the fuel oil system 
of a marine diesel engine. In utilizing, the TAGUCHI method, risk ranking was carried out using 
two approaches; the smaller the better approach (SB) and the larger the better approach (LB). Both 
SB and LB approaches were compared with the VIKOR and CP methods. The result of the 
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comparative analysis indicated that the TAGUCHI (SB) is the better approach in the application 
of the TAGUCHI technique for risk analysis. Conclusively, TAGUCHI (SB) is therefore 
recommended for use to maintenance practitioners in industry for analysis of risk of engineering 
systems. Although, the TAGUCHI technique was demonstrated for the case of a fuel oil system, 
it could readily be applied to analyze risk of power generation or other engineering systems. For 
future work, the proposed technique can be further validated with other well-known techniques for 
risk analysis from the literature such as the TOPSIS and ELECTRE methods.  
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